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(CLEAN COPY) 
INTEGRAL FRAME MEMBER FOR AN AIRCRAFT 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to support structures 
of an aircraft and in particular to a frame of the aircraft . 
In particular, the present invention relates to a frame member 
for an aircraft, to an aircraft comprising a frame member and 
to methods of manufacturing a frame member. 

[0002] In today's aircrafts, the frames usually consist of 
a plurality of individual elements. Usually; more than 10 
individual parts are glued, riveted, clipped and/or screwed 
together. In particular, the clips and the shear webs for 
connecting the skin and the stringers of the aircraft to the 
frame are connected to the frame by rivets. Reinforcement 
straps or angles are usually glued or riveted to the frame. 
Due to this complex construction, the manufacturing of such 
frames is time consuming and complex. 

[0003] Furthermore, the assembly was complicated and 
ineffective due to the necessity of connecting a plurality of 
individual elements for forming one frame. The frame itself 
usually made from bended sheet metal or extruded profiles and 
had a fixed thickness and fixed dimensions which 
disadvantageous ly didn't allow for any flexibility, for 
example, for reinforcements in areas where increased stress 
was applied to the frame and smaller dimensions where less 
stress was applied. Also, no flanging holes could be made into 
the frame due to the danger of cracks. Due to this, system 
lines, such as electric cables and/or pipes are usually 
arranged on the frame i.e. between the frame on the inner 
cover of the aircraft body. 
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SUMMARY OF THE INVENTION 

[0004] According . to an exemplary embodiment of the present 

invention, a frame member for an aircraft is provided 
comprising a clip region and a frame region. According to an 
aspect of this exemplary embodiment of the present invention, 
the clip region and the frame region are integral. This may 
allow for a simple assembly of the frame. Furthermore, this 
may allow for a frame member having a simple design and 
construction which may be produced at low cost. Also, for 
example due to fact that no connection elements such as rivets 
have to be provided, the frame member according to this 
exemplary embodiment of the present invention may have a 
reduced weight. 

[0005] According to another exemplary embodiment of the 

present invention, a plurality of clip regions are provided 
for forming a shear web region for supporting a skin of an 
aircraft. The clip region, the shear web region and the frame 
region are one piece. 

[0006] The provision of a "one piece" frame member may 

allow for an improved handling during assembly of the 
aircraft. Furthermore, a quality control of the frame member 
can be made more efficiently, since a reduced number of 
connections have to be tested. 

[0007] According to another exemplary embodiment of the 

present invention, the frame member is formed from one 
extrusion molded profile. This may allow for a very simple 
manufacture of the frame member. According to an aspect of 
this exemplary embodiment of the present invention, the one 
extrusion molded profile used for forming the frame member is 
designed such that all variances i.e. form and dimension 
changes occurring for such frame member are taken into 
consideration. In other words, for manufacturing the frame 
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member according to this exemplary embodiment of the present 
invention, only one "raw material" is needed, namely the 
extrusion molded profile. From this one extrusion molded 
profile, frame members having different dimensions and forms 
may be formed. Furthermore, from this extrusion molded 
profile, a one piece frame member including a clip region, a 
shear web region and a frame region may be formed. 
[0008] According to another exemplary embodiment of the 

present invention, the frame member is formed from the one 
extrusion molded profile by a milling process. This may allow 
for a very fast and efficient manufacturing of the frame 
member. Furthermore, due to today's milling technology, a very 
accurate manufacturing may be provided which may largely be 
automatised, for example by a computer added milling. 
[0009] Furthermore, due to the milling, at least one of a 

form, thickness and dimension of the different regions' of the 
frame member may simply be realized by a suitable milling. 
Advantageously, this allows, for example, to have a frame 
region having an increased thickness for locations in the 
aircraft where an increased stress is applied to the frame 
member and on the other hand to have portions of the frame 
member having a reduced thickness for the application in 
locations of the aircraft where less stress is applied to the 
frame member. This may allow for an increased design 
flexibility and may allow to further reduce a weight of the 
frame member . 

[0010] According to another exemplary embodiment of the 

present invention, a cut out is formed in at least one of the 
clip region, the shear web region and the frame region, for 
example, for accommodating at least one of electrical lines, 
pipes and system lines or to reduce the weight of the frame 
member. Due to the arrangement of the lines "in" the frame 
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member, a very efficient use of space may be provided. 
Furthermore, in comparison to aircrafts where the lines were 
usually arranged on the inside of the frame member, an 
improved safety may be provided since the lines are better 
protected from, for example, an impact or a bash. 
[0011] According to another exemplary embodiment of the 

present invention, the cut out is provided with a border 
reinforcement which allows to avoid cracks in a region 
surrounding the cut out. This may allow for. an improved 
durability of the frame member. Furthermore, this may allow 
for an improved security due to the fact that cracks may be 
avoided. Advantageously, the border reinforcement is formed by 
a milling which allows for a flexible and fast formation of 
the border reinforcement. Advantageously, due to the fact that 
the border reinforcement is milled into the extrusion molded 
profile, the border reinforcement also is part of the "one 
piece" frame member. 

[0012] According to another exemplary embodiment of the 

present invention, the clip region is adapted for connection 
to a stringer of the aircraft. This may allow for a direct 
connection of the frame member with a support bracket to the 
stringer in comparison to known systems where the frame was 
connected to a clip and the clip was then connected to the 
stringer. This may allow for an improved durability and may 
allow a different thickness and form of the stringer support 
bracket. 

[0013] According to another exemplary embodiment of the 

present invention, the shear web region of the frame member is 
adapted for supporting a skin of the aircraft. For example, a 
base may be provided on the shear web region for providing a 
support for the skin. 
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[0014] According to another exemplary embodiment of the 

present invention, an. aircraft is provided comprising a frame 
member according to one of the above exemplary embodiments . 

[0015] According to another exemplary embodiment of the 

present invention, a method of manufacturing a frame member 
having a clip region, a shear web region and a frame region is 
provided. According to this exemplary embodiment of the 
present invention, firstly a mold is manufactured. Then> the 
clip region, the shear web region and the frame region of the 
frame member or at least one of these regions is manufactured 
by performing a milling of the mold. Advantageously, this 
allows for a very fast cheap and efficient manufacturing 
method for manufacturing a one piece frame member. In other 
words, according to this exemplary embodiment of the present 
invention, a frame member is manufactured where the clip 
region, the shear web region and the frame region are integral 
parts of the frame member. 

[0016] According to another exemplary embodiment of the 

present invention, the mold is manufactured by extrusion 
molding which allows for a simple and reliable manufacturing 
of the mold. 

[0017] According to another exemplary embodiment of the 

present invention, at least one of the clip region, the shear 
web region and the frame region has varying first dimensions 
varying between a minimum and a maximum. In other words, the 
frame member according to this exemplary embodiment of the 
present invention may have different form and/or dimensions in 
different locations of the frame member. According to this 
method, the mold is manufactured such that these different 
dimensions and/or forms are taken into consideration i.e. the 
mold is manufactured such that a second dimension of the mold 
essentially coincides with the maximum. Due to the fact that 
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the mold is manufactured such that all variations of the frame 
member planned may be formed into the mold by milling, a very 
simple . efficient and flexible manufacturing method is 
provided. Also, since only one starting material is needed 
namely the pre-manuf actured mold, the manufacturing process 
may be made more reliable since a mistaken use of a wrong 
starting material may be avoided. 

[0018] According to another exemplary embodiment of the 

present invention, before the milling is performed for forming 
the particular regions of the frame member, the mold is bent. 
In particular, the mold may be bent for adapting a curvature 
of the frame member to a curvature of the skin of the 
aircraft. The bending may be performed by a stretch forming 
process. 

[0019] It may be seen as the gist of an exemplary 

embodiment of the present invention that an integral frame 
member is provided where a clip, a shear web and a frame 
region are one piece or, in other words, where the clip and 
the shear web region for allowing a connection to a skin and a 
stringer of an aircraft, and the frame itself are integrated 
into one part . Advantageously, this frame member may be formed 
from an extrusion mold by a milling process. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These and other aspects of the present invention 

will become apparent from and will be elucidated with 
reference to the embodiments described hereinafter. 
[0021] Exemplary embodiments of the present invention will 

be described in the following, with reference to the following 
drawings : 

[0022] Fig. 1 shows a side view of an exemplary embodiment 

of a frame member according to the present invention. 
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[0023] Fig. 2 shows a cross-sectional view taken along AA' 

in Fig. 1 . 

[0024]. Fig. 3 shows a side view of an exemplary embodiment 

of a frame member according to the present invention. 

[0025] Fig. 4 shows a cross-sectional view of an extrusion 

molded profile according to an exemplary embodiment of the 
present invention where a cross-sectional view of the frame 
member taken along line BB ' in Fig. 1 is projected. 
DETAILED DESCRIPTION 

[0026] In the following description of Figs. 1 - 4, the 

same reference numerials are used to designate the same or 
corresponding elements. 

[0027] Fig. 1 shows a cross-sectional view of a frame 

member 2 according to an exemplary embodiment of the present 
invention. As may be taken from Fig. 2, the frame member 2 
comprises a frame region 6. The frame region 6 is designed and 
adapted to provide for a structural support of a structure of 
the aircraft. The frame region 6 has a curvature adapted to a 
cross-section of a body of the aircraft. On the frame region 
6, there are provided a plurality of clip regions 4 which may 
also be referred to as clips. The plurality of clip regions 4 
form a shear web region 16. The shear web region 16 is 
provided for supporting a skin 8 of the aircraft . Between two 
clip regions 4, there is provided a cut out 18 for the 
stringer. At the location of the cut out 18, there may be 
provided a stringer support bracket 28. The clip region 4 
and/or the stringer support brackets 28 are adapted for 
connection to a stringer of the aircraft. 

[0028] Reference numerial 10 in Fig. 1 designates a 

support which may be riveted to the frame region 6. Reference 
numerial 12 in Fig. 1 designates a cut out which may be 
provided in the frame member. The cut out 12 may be provided 
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in the frame region 6. However, it may also be possible to 
provide cut outs in the clip region or the shear web region. 
The cut out 12 may be adapted to accommodate system lines of 
the aircraft such as electrical lines, pipes and communication 
lines. This may allow for a very space and weight saving 
arrangement of the system lines because of shortening the 
length of the system routing. Furthermore, due to the fact 
that the system lines are accommodated between the frame 
members, the system lines are very well protected from impacts 
or bashes which may allow for an improved safety. 
[0029] Advantageously, the cut outl2 reduces the weight of 

the frame member and is provided with a border reinforcement 
which advantageously may allow to avoid for cracks in the 
region surrounding the recess. This may allow for an improved 
reliability and durability of the frame member. 

[0030] Fig. 2 shows a cross-sectional view of the frame 

member of Fig. 1 taken along line AA- in Fig. 1. As may be 
taken from Fig. 2, the cross-sectional form of the frame 
member is a single T form with one flange of the end 40 is cut 
away. The clip region 4 as indicated above is provided with a 
support for supporting the skin 8 of the aircraft. The frame 
region 6 may be provided with a region having an increased 
thickness for allowing for a strength and durability of the 
frame member. Due to a variation of a thickness of particular 
regions of the frame member, the frame member may flexibly be 
adapted to stresses applied at particular locations. Due to 
this, a frame member may be provided having an increased 
strength while having a low weight. In comparison to a known 
frame member consisting, as described above, of sometimes more 
than 10 individual pieces, for aircraft such as the Airbus 380 
family, the weight may be reduced by 6.2 kg for each frame 
member . 
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[0031] As may be taken from Fig. 2, the cut out 12 may be 

provided with a border reinforcement 14. Furthermore, a rim 42 
may be. provided allowing for an improved stability. 
[0032] Fig. 3 shows another side view of an exemplary 

embodiment of a frame member according to the present 
invention. As may be taken from Fig. 3, for example at the 
location. 20, where a support 10 is attached to the frame 
member 2, the clip region 4 may be elongated and the height of 
the frame member 2 may be increased too. This may allow for 
more space for a connection between the support 10 and the 
frame member 2. 

[0033] Fig. 4 shows a cross-sectional view of an extrusion 

molded profile 46 according to an exemplary embodiment of the 
present invention. In this cross-sectional view of the 
extrusion molded profile 46, a cross-section of a frame member 
according to an exemplary embodiment of the present invention 
such as, for example, taken along line BB ' in Fig. 1 is shown. 
As may be taken from Fig. 4, the extrusion molded profile 46 
according to this exemplary embodiment of the present 
invention is formed such that all form and/or dimension 
changes of the frame member 2 occurring for this particular 
type of frame member may be covered. For example, an end 40 of 
the frame member 2 facing to an outside of the aircraft may 
have an L structure as shown in Fig. 2 but also may have a T 
structure as shown in Fig. 4. Also, the end 40 may have 
dimensions .up to the bold line indicating the outer 
circumference of the extrusion molded profile 46. Also, the 
rim 42 may have different dimensions or may be even cut away. 

[0034] As may be taken from Fig. 4, a thickness of the 

material, for example between end 40 and rim 42, may be 
reduced too, for example, allow for a further reduction of the 
weight of the frame member 2. The cut out 12 provided with the 



9 



AIRBUS 3.3-067 



border reinforcement 14 may also have different dimensions and 
may by this be adapted for accommodating, for example, a 
system line 48. The end 40 of the frame member 2 as indicated 
with reference to Fig. 4 may be provided with a support for 
the skin 8 of the aircraft. As indicated in Fig. 4", a height 
of the frame member 2 may be varying. The end 44 may be 
provided with a rim allowing for an improved stability. The 
end 44 may have an L structure as shown in Fig. 4 but also may 
have other forms e.g. a T structure. 

[0035] According to an exemplary embodiment of the present 

invention, the frame member according to the present invention 
may be manufactured as follows. Firstly, one profile is made 
covering all form and/ or dimensions variances of the desired 
frame member. Advantageously, as indicated above, the profile 
may be manufactured by an extrusion molding process. Then, for 
adapting a curvature of the frame member to the curvature of 
the cross-section of the body of the aircraft, the mold is 
bent accordingly. Advantageously, the bending is performed by 
a stretch forming process. Then, subsequently to the stretch 
forming process, a milling process is performed for forming 
the frame member. As may be taken from Figs. 1 - 4, the 
milling process may flexibly adapt a form and/or dimension of 
the frame member to the requirements at the location where the 
frame member is to be assembled to the aircraft. 
Advantageously, this may allow for a simple manufacturing of a 
frame member where the function of the clip, of the shear web, 
and of the frame are integrated into one piece. 
Advantageously, this allows for a combination of an extrusion 
molded profile and of a milling process. Furthermore, the 
number of individual elements for forming the frame member may 
be reduced significantly in comparison to the prior art where 
up to 10 individual elements are combined for forming the 
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frame member. The .frame members are usually dimensioned with 
respect to a fatigue. Advantageously, due to the above 
described manufacturing method, a 2xxx material may be used 
which in combination with the above manufacturing and the. 
construction of the frame member according to. the present 
invention may allow for higher fatigue stresses. According to 
another exemplary embodiment of the present invention, the 
frame member may be made from aluminium alloy such as> for 
example, Al-Li . 

[0036] Furthermore, according to an exemplary embodiment 

of the present invention, a cut out may be provided in regions 
of the frame member. Advantageously, this may allow for an 
integration of system lines into the frames. In other words, 
in addition to the support function of the frame member, the 
frame member may also serve as support for system lines. 
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